The baculovirus Panolisflammea multiple nucleocapsid nuclear polyhedrosis virus (PfMNPV) was originally isolated from a natural virus epizootic and shown to consist of a mixture of variants. Two subclasses of variants (PfMNPV A and B) were identified by Southern blot hybridization, their polyhedrin genes being located on different restriction fragments. The proportion of the A and B variants changed according to the larval host in which the virus was propagated; PfMNPV(B) predominated in P. flammea but PfMNPV(A) was predominant in Mamestra brassicae. Bioassays of the two pure virus variants in M. brassicae larvae have shown the LDso values to be 4610 polyhedron inclusion bodies (pibs) for PfMNPV(A) and 5937 pibs for PfMNPV(B). Genomic DNA from the two variants was compared using restriction endonuclease analysis, and dot blot and Southern blot hybridization. Reciprocal quantitative dot blot hybridization analysis in 50% formamide showed PfMNPV(A) and PfMNPV(B) to be only distantly related to Autographa californica MNPV (less than 1%) and more closely related to M. brassicae MNPV (21 to 26%). The two PfMNPV variants exhibited a very high degree of identity to each other (nearly 100%) and therefore are very closely related. This was confirmed by physical mapping of the virus genomes. The nucleotide sequence of the polyhedrin gene of PfMNPV(B) was determined and compared with the published DNA sequences of other polyhedrin genes.
The baculovirus Panolisflammea multiple nucleocapsid nuclear polyhedrosis virus (PfMNPV) was originally isolated from a natural virus epizootic and shown to consist of a mixture of variants. Two subclasses of variants (PfMNPV A and B) were identified by Southern blot hybridization, their polyhedrin genes being located on different restriction fragments. The proportion of the A and B variants changed according to the larval host in which the virus was propagated; PfMNPV(B) predominated in P. flammea but PfMNPV(A) was predominant in Mamestra brassicae. Bioassays of the two pure virus variants in M. brassicae larvae have shown the LDso values to be 4610 polyhedron inclusion bodies (pibs) for PfMNPV(A) and 5937 pibs for PfMNPV (B) . Genomic DNA from the two variants was compared using restriction endonuclease analysis, and dot blot and Southern blot hybridization. Reciprocal quantitative dot blot hybridization analysis in 50% formamide showed PfMNPV(A) and PfMNPV(B) to be only distantly related to Autographa californica MNPV (less than 1%) and more closely related to M. brassicae MNPV (21 to 26%). The two PfMNPV variants exhibited a very high degree of identity to each other (nearly 100%) and therefore are very closely related. This was confirmed by physical mapping of the virus genomes. The nucleotide sequence of the polyhedrin gene of PfMNPV(B) was determined and compared with the published DNA sequences of other polyhedrin genes.
Most of the examples of natural virus epizootics controlling insects in the field are from the family Baeuloviridae (Maromorosch & Sherman, 1985) . A number of different baculoviruses have been isolated, principally from diseased Lepidoptera, Hymenoptera and Diptera species. A major advantage of baculoviruses as biocontrol agents is their high degree of host specificity (World Health Organization, 1973; Hunter et al., 1984) .
Baculovirus genomes consist of covalently closed circular molecules of dsDNA, with sizes ranging from 80 to 165 kbp (Kelly, 1982) . Based on structural considerations, the occluded baculoviruses have been divided into two genera, the nuclear polyhedrosis viruses (NPVs), which may have either single or multiple (MNPV) nucleocapsids within each virus particle, and the granulosis viruses (GVs). The NPVs and GVs package their virus particles into occlusion bodies (polyhedra or granules respectively). Each virus isolate is usually named after the insect host from which it was t Present address: Laboratory of Molecular & Cellular Biology, NIDDK, National Institutes of Health, Bethesda, Maryland 20892, U.S.A.
0001-0637 © 1992 SGM originally obtained (Matthews, 1987; Moore et al., 1987) . Over 800 different baculovirus isolates have been reported, of which less than 20 have been studied in any detail (Martignoni & Iwai, 1981; Smith & Summers, 1982; Moore et al., 1987) .
The system of nomenclature for baculoviruses is imprecise and does not account for the fact that restriction endonuclease analysis of virus DNA has detected genomic variation in baculoviruses isolated from natural epizootics of a single insect species, suggesting that the viruses exist as heterogeneous populations (Brown et al., 1981 (Brown et al., , 1985 Smith & Summers, 1982) . As the proportions of these genotypes within virus populations may determine their efficacy as control agents, baculoviruses to be used as insecticides should be carefully characterized at the biological and molecular level before re-introduction to the environment. It will then be possible to determine how closely the laboratorypropagated virus matches that found in the field.
An example of a baculovirus which has been used for the control of insect pests is the Panolis flammea (Pf) MNPV. This virus was originally isolated from pine beauty moth larvae (P. flammea, Lepidoptera; Noctui-Short communication dae) in a natural epizootic (Entwistle & Evans, 1987) . It has since been evaluated as a biological insecticide for controlling P. flammea infestations of lodgepole pine (Pinus contorta) in Scotland (Entwistle & Evans, 1987; Watt & Leather, 1988) . No suitable semi-synthetic diet has yet been developed to support the rearing of P. flammea larvae in the laboratory and large-scale rearing on foliage is difficult. Therefore, larvae of the closely related cabbage moth Mamestra brassicae (Lepidoptera; Noctuidae) are used as an alternative, heterologous host species for virus production in vivo prior to field release (Entwistle & Evans, 1987; Kelly & Entwistle, 1988) .
The PfMNPV genome is relatively large (145 kbp) and has been shown to have homology with that of M. brassicae (Mb) MNPV (Possee & Kelly, 1988) . These two viruses share very little homology with Autographa californica (Ac) MPNV, which is the prototype baculovirus for molecular and genetic studies (Possee & Kelly, 1988) . In this report we describe the molecular characterization of two PfMNPV variants designated PfMNPV(A) and PfMPNV (B) . LDso values of each pure virus variant were assessed in bioassays using M. brassicae larvae. In addition, we describe the molecular cloning and sequencing of the PfMNPV(B) polyhedrin gene.
In a previous study (Possee & Kelly, 1988) , physical maps of the PfMNPV genome were compared to those of MbMNPV and AcMNPV. The PfMNPV and MbMNPV DNA used in this study had been extracted from purified virus amplified in laboratory cultures of M. brassicae larvae maintained on an artificial diet (Kelly & Entwistle, 1988) . The presence of submolar DNA fragments was observed in the agarose gel profiles of the PfMNPV DNA digested with restriction endonucleases. These minor bands suggested the existence of a heterogeneous population of virus genomes. This phenomenon appears to be common among field isolates of NPVs (Smith & Summers, 1978; Brown et al., 1985; Smith & Crook, 1988) . To investigate these observations further, and to ensure that the PfMNPV propagated in M. brassicae larvae was not contaminated with MbMNPV, we analysed PfMNPV DNA from virus amplified in P.flammea larvae (field-collected) and after passage in M. brassicae larvae (on a semi-synthetic diet). DNA isolated from MbMNPV produced in M. brassicae larvae was included as a control.
Virus purification and virus DNA extractions were carried out as previously described (Brown et al., 1977; Harrap et al., 1977) . The virus DNAs were digested with HindlII and analysed by Southern blotting and hybridization, using the HindlII V fragment of the AcMNPV genome as a polyhedrin-specific probe (Maniatis et al., 1982; Howard et al., 1986) . The autoradiograph (Fig. 1) demonstrates the presence of two bands (8.1 and 5.78 kbp) containing polyhedrin-specific sequences in the DNA from PfMNPV produced in the homologous host (lane 1); the larger fragment corresponds to the HindIII F fragment encoding the PfMNPV polyhedrin gene (Possee & Kelly, 1988) . After three passages of PfMNPV in M. brassicae larvae, the relative proportions of the two bands changed significantly, with the smaller band decreasing in intensity relative to that of the larger one (Fig. 1, lane 2) . The relative intensity of the hybridization signal of each of the polyhedrin bands was assessed by scanning the autoradiograph obtained from the Southern blot with a laser densitometer (Pharmacia). Wild-type virus DNA isolated from infected P.flammea larvae consisted of a larger proportion of the smaller (5.78 kbp) band (70-6~) than of the larger (8.1 kbp) band (29.4%). After three passages of PfMNPV in a laboratory culture of M. brassicae larvae, the proportion of the smaller band had decreased to 4.8%, and that of the larger band had increased to 95-2%. Similar proportions of the two bands were found after the fourth passage (Fig. 1, lane 3) . By the fifth passage in M. brassicae larvae, the proportions were 1.6 % for the small band and 98.4% for the larger band (Fig. 1, lane 4) . Fig. 1 (lane 5) also demonstrates that the MbMNPV polyhedrin gene was located on the expected 4.98 kbp HindlII fragment . This demonstrated that the PfMNPV stock used in this study was not contaminated with detectable amounts of MbMNPV.
We have designated the virus that encodes the polyhedrin gene on the 8.1 kbp HindlII fragment PfMNPV(A), and the virus that encodes the polyhedrin gene on the 5.78 kbp HindlII fragment PfMNPV(B). The PfMNPV(A) variant appears to predominate after repeated passage in M. brassicae larvae, whereas PfMNPV(B) appears to be more successful in the original P. flammea host. Therefore, it appears that PfMNPV(A) may possess some element that confers a selective advantage over PfMNPV(B) in the M. brassicae host. This presents a problem in that, during laboratory production of PfMNPV for field trials, the virus more successful in P. flammea diminishes as the virus is propagated in the M. brassicae larvae.
In other studies, using limited dilutions and low dose mortality infections of M. brassicae and P. flammea larvae, wild-type PfMNPV was separated into a number of genotypicaUy distinct clones (Cory & Entwistle, 1990) . However, each clone had the polyhedrin gene located on either an 8.1 or 5-78 kbp DNA fragment produced by HindlII digestion, and thus could be designated as either an A or B variant. A representative clone from each variant was selected for further analysis and these were propagated in M. brassicae larvae. Analysis of the virus DNA from these stocks demonstrated that each clone remained pure (data not shown).
DNA isolated from purified PfMNPV(A) or PfMNPV(B) was digested with Asp718, HindlII and XhoI. The DNA fragments were end-labelled with 32p in vitro and then analysed in 0.6 to 1.0% agarose gels (Maniatis et al., 1982) . Gel electrophoresis of restriction enzyme digests of each virus genome was performed in parallel to highlight any variation between the two strains (Fig. 2) . The size of each band was estimated by comparison with those of 32p-labelled 2 DNA fragments (Table 1) . Differences within the digestion profiles identified variably sized DNA fragments which were further analysed by secondary digestions to extend the restriction enzyme data. Southern blot hybridizations using the differing restriction fragments observed in the PfMNPV(B) digestion profiles allowed their location on the PfMNPV(A) restriction map to be identified. Data combined from the restriction endonuclease analyses, double digestions and Southern blot hybridizations permitted the construction of a physical map for 
. Analysis of DNA from PfMNPV(A) (lanes A) and PfMNPV(B) (lanes B) with Asp718 (a), HindIII (b) and XhoI (c).
The digestion products were fractionated in 0.6~ agarose gels. The fragments are designated alphabetically according to the designations from the original mapping of PfMNPV (Possee & Kelly, 1988) , beginning with the largest; comigrating fragments are given two or three letters.
PfMNPV(B) (Fig. 3) based on that determined previously for PfMNPV [which would be designated as a PfMNPV(A) variant using the criteria outlined above] by Possee & Kelly (1988) . The physical map of the pure clone of PfMNPV(A) used in this study was very similar to that constructed for the mixed isolate of PfMNPV (Possee & Kelly, 1988) . The only observable difference was the absence of a HindIII site separating the A and D fragments. The largest HindIII fragment in the pure clone of PfMNPV(A) has therefore been termed A 1, and all the other fragments have been labelled by the letters assigned previously, except for the absent HindIII D fragment. Where possible, the alphabetical labelling system used for PfMNPV(A) has also been used for fragments produced after digestion of PfMNPV(B) DNA. Where more than one fragment replaces those present in the PfMNPV(A) restriction profiles, a superscript number has been assigned to each fragment. The physical maps of PfMNPV(A) and PfMNPV(B) show an overall similarity in genetic organization, but also highlight regions of variation (indicated in Fig. 3 ). Future analyses of these regions may reveal the genetic basis for the observed differences in the host range of PfMNPV(A) and that of PfMNPV(B). Possee & Kelly (1988) .
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The degree of similarity between PfMNPV(A), PfMNPV(B), MbMNPV and AcMNPV was assessed using dot blot hybridization methods, as described previously (Howley et al., 1979; Smith & Summers, 1982; Possee & Kelly, 1988) . Hybridizations with each nicktranslated baculovirus DNA provided reciprocal comparisons and were carried out in the presence of 50% formamide (Howley et al., 1979) . Salmon sperm DNA was also included as a control. After washing using conditions equivalent to those for the hybridization, the filters were exposed to X-ray film for autoradiography (data not shown). To quantify the 32p-labelled DNA hybridized to bound DNA on the filters, the radioactivity in each dot was measured by liquid scintillation counting. The results indicated that AcMNPV DNA has very little similarity to the DNA of other baculoviruses (0.25 to 0.9 %), and thus confirms previous data (Possee & Kelly, 1988) . PfMNPV appeared to share more DNA similarity with MbMNPV DNA (21 to 26%). PfMNPV(A) and PfMNPV(B) were found to be virtually 100% identical. As stable hybrids form only above 85 % sequence identity (at 37 °C, 50 % formamide; Howley et al., 1979) , it is likely that the real amount of sequence identity between PfMPNV and MbNPV, and between MbMNPV and PfMNPV and AcMNPV, will be higher than that suggested by hybridization analysis. The high degree of similarity between the two PfMNPV variants confirms the results obtained using restriction enzyme mapping data.
A genome library of HindlII restriction fragments for PfMNPV(B) was produced in pUC18 and clones containing the polyhedrin gene were identified by colony hybridization, using HindlII fragment V of AcMNPV as a radiolabelled homologous gene probe. A cloned fragment was identified that contained the polyhedrin gene sequence and comigrated with the 5.78 kbp fragment detected by Southern blot analysis of PfMNPV(B) DNA digested with HindlII. The resulting plasmid, pPf(B)HF 1, was used as a source of DNA for sequencing the PfMNPV(B) polyhedrin gene. The nucleotide sequence of this region was determined and comparisons with the PfMNPV(A) polyhedrin gene sequence (Oakey et al., 1989) showed the two genes to differ at only five nucleotide positions [213, T~A; 453, C~T; 585, C--,T; 606, G~A; 681, G~T; numbering from the A (position 1) of the ATG start codon of PfMNPV(A)]. These nucleotide changes did not affect the predicted amino acid sequence, which was identical in both PfMNPV(A) and PfMNPV(B). As with PfMNPV(A), the PfMNPV(B) polyhedrin gene consisted of a 738 nucleotide open reading frame encoding a 246 amino acid polypeptide of predicted Mr 28935. The 61 bp of DNA immediately upstream of the polyhedrin ATG initiation codon was also identical to that of MbMNPV . This region of sequence contains the 12 bp consensus sequence found upstream of all sequenced hyper-expressed very late NPV genes; however, as in the polyhedrin genes of PfMNPV(A) and MbMNPV, it is not a perfect match with the consensus proposed by Rohrmann (1986) . The initiation sites of polyhedrin mRNA of both PfMNPV(A) (Oakey et al., 1989) and AcMNPV (Howard et al., 1986) lie within this sequence. The size of the polyhedrin mRNA for PfMNPV(B) was determined by Northern blot hybridization to be the same size as the 1.0 kb mRNA reported previously for PfMNPV(A) (Oakey et al., 1989) and significantly smaller than that of AcMNPV, 1.15 to 1-2 kb (data not shown). When stocks of PfMNPV(A) and PfMNPV(B) were propagated in M. brassicae it was observed that PfMNPV(A) consistently produced higher yields of polyhedra. Therefore, the biological activities of PfMNPV(A) and PfMNPV(B) were compared using LD5o assays and methods described previously (Evans, 1981) . Second instar M. brassicae larvae from within a narrow weight range (1.2 to 1-8 mg) were selected to reduce the effects of variation in age and size. Polyhedron concentrations were determined for stock suspensions of PfMNPV(A) and PfMNPV(B) and expressed as polyhedron inclusion bodies (pibs)/ml. Larvae were fed individually on small plugs of diet containing determined numbers of polyhedra, using five doses (375 to 6000 pibs/larva); at least 50 larvae were infected for each dosage. Larvae were examined daily and allowed to continue feeding until death or pupation. Probit mortality analysis of infected larvae (Finney, 1971 ) was used to calculate LD50 values of 4610 pibs for PfMNPV(A) and 5937 pibs for PfMNPV(B).
The results of the bioassay analysis and calculated LDso values confirm the observations at the molecular level, although the differences were not as great as one might have predicted. In M. brassicae larvae, PfMNPV(A) has a lower LDso value and appears to be more infective and pathogenic in this host. The values obtained are more similar than might have been expected from the hybridization analysis of repeated passage of the wild-type population in larvae (Fig. 1) . This may simply reflect the inherent problems in the direct comparison of LDs0 values, the age and quality of each polyhedra suspension, and the inaccuracies in counting and ensuring the correct dose of pibs. It may also be that the lethal doses are not very dissimilar when each strain is used in a pure form, but that under competition in the field one of the strains has a selective advantage over the other.
To conclude, we have shown that PfMNPV exists as two variant populations, which we have designated A or B, differing in the size of the DNA fragment (after HindlII digestion) in which the polyhedrin gene resides. PfMNPV(A) predominates when the virus is propagated in the heterologous host M. brassicae and PfMNPV(B) is more successful in the natural host, P. flammea. DNA hybridization analysis shows that the viruses are almost 1009/o identical, although restriction endonuclease mapping highlights discrete regions of variation. Future studies will examine whether these regions of variation correlate with the observed differences in host range.
